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Antidiabetic effect of the aqueous extract of Spirogyra neglecta (SN) was evaluated in
high fat diet and streptozotocin-induced type2 diabetic rats. Feeding with SN extract (1000
mg/kg BW) for 12 weeks to diabetic rats significantly lowered the plasma glucose levels as
well as the area under the curve for glucose from the oral glucose tolerance test. Moreover, the
plasma FFA and triglyceride levels were corrected towards the control rats. Interestingly, the
increased GLUT4 protein expression in soleus muscle was found in SN-treated diabetic rats
indicating enhanced of insulin sensitivity and finally, increased glucose uptake. The aqueous
extract of SN supplement significantly increased endothelial-dependent relaxation of vascular
smooth muscle and also reduced molecular oxidative stress in cardiac muscle cells via p-PKCQU
and NF-KB pathway. Furthermore, the aqueous extract of SN supplement significantly
enhanced the estrone sulfate transport mediated by rOat3, which act as the indicator of early
stage of nephropathy, in diabetic rats where correlated with decreased renal super oxide
dismutase, catalase and glutathione peroxidase mRNA expression. Consistently, the decreased
PKCQU function and the increased PKCC, protein expression, the modulator of Oat3, were
found indicating changing of the intracellular insulin signaling mechanism.

Thus, these results indicated the potentiality of the aqueous extract of Spirogyra neglecta
for the correction of type 2 diabetes mellitus and its related complications like oxidative stress,
hyperlipidemia, early diabetic nephropathy and cardiovascular diseases. This extract may be

good candidate for promising neutraceutical treatment for the management of diabetes.

Keywords: Spirogyra neglecta, diabetes mellitus, hyperglycemia, oxidative stress
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T2DM Type 2 diabetes mellitus

IRS-1 Insulin receptor substrate-1

GLUT4 Glucose transporter 4

TG Triglyceride

DNA Deoxyriboneucleic acid

mg/dl Milligrams per deciliter

g Milliliter

ml Gram

mmol/l Millimoles per liter

ulU/ml Microunit per milliliter

GAE Gallic acid equivalents

ABTS 2, 2’-azino-bis 3-ethylbenzthiazoline -6-sulfonic acid
H&E Hematoxyline and Eosin

PI3-K Phosphatidylinositol 3-kinase

PKC Protein kinase C

PKC C Protein kinase C zeta

p- PKC C Phosphorylated protein kinase C zeta
IRS-1 Insulin receptor substrate-1

NF-kB NF-(kappa)B

TNF-OU Tumor necrosis factor-alpha
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kcal/g Kilocaloric per gram

wk Week
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AUC Area under the curve

hr Hour

H,0, Hydrogen peroxide

mEq/L Milliequivalents of solute per litre of solvent

SE Standard Error
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TEAC)

AT 50 g
o 9 IS
ninAae i Tunan 24w, Y .y < 4
> nseddviumelag rotary evaporator NUN -20°C F-1
A A
MnAnae
o 9 al 3
winae | oz lau fluna 24 ¥ Y . 4 4
- nsouAIM I Tag rotary evaporator NUN -20°C F-2
>
A A
MNANa
o 9 <]
winae | wansuea iunat 24 . Y . g < 4 F-3
> nyedIiuielagy rotary evaporator UN -20°C
A A
MnAnae
windhw | 1h 25 °c i 24 1 y o aya o y
—»  n3edItlidudu e rotary evaporator HuHa Iag freeze dry | F-4
A A
mMniiae
v v J = o .
Audaein | 9100 °CiTunan 3 . ey v L
> nyewdiildiduduTag rotary evaporator WWalag freeze dry | g

nn

3U0 3 saadEmsanaddudIuveId N

a av Qd v d
2) 'J%f’n‘iilﬂﬂﬂ151’]9]ﬁﬂﬂi’!ﬂﬁ%?ﬂﬁ"ﬂﬂﬁﬂ?ﬂﬂﬁ@ﬂ

FonssuN 1 : MamsandaInaang

v 09} v o @ ] < ' 1
WHEU”I’JLW?TEEJ UT wistar (HIMUDNAD 200 - 250 NTX) Iﬂﬂllﬂ\‘l@ﬂﬂlﬂulo nANNQN ] ag

10 ¢ 1dun

AuA 1: NQUAIVAN (control)
qui 2 : nguarugu Idsuesataa eI udUg (1000 mg/kg BW)

Q

f
(control +SN1000)

AU 3: NQUIIMIUAIVAN (DM)
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nguit 4 : naquumnuldsuasasagmsem aduug 250 mgkg BW)
(DM+SN250)

nguit 5 : nquiumuIRsumsatagmsem anududuunas (500 meke
BW) (DM+SN500)

nqud 6 : nquiuu Idsuasanaamsiem anududuga (1000 mg/kg BW)

(DM+SN1000)

ll‘ﬁ 7: ﬂa;mmmmhlﬁ’%“mn methformin YU1A 30 mg/kg BW(DM-+met)

mﬁ 8: ﬂfcjiJﬂ’J’Uﬂ‘JJUlg]}%“U corn oil (control+corn oil)

naud 9 nguu1 U 145U corn oil (DM+corn oil)

un 10: ﬂ@:mu1wmu"1€f§’u vitamin E 411 100 mg/kg BW (azmsflu corn oil)

)

q
q
q
q

(DM+vit E)

v J 1 1 ~ o a a {

dninaaoslungui 3, 4,5, 6, 7, 9 uaz 10 wzgniiieniliinanziwmuiia 2

Y o a o o o 09.:} I
Tagms 1o s luduge @S luiv 60% vesdwaunwdsauiaualueing) iWunm 2
[ 4 Qall ]
Fla mmiuRAans streptozotozin (STZ) YU 35 mgkg BW W1n19¥ednes lag
v J ] Y J 4 Qy { 1 1A
dninaassnz 1850015 luilugeaeiiipsaudugamsnaass vazinguaruau (ngui 1,2
waz 8) 92195 Ua1Iazany citrate buffer YSWIATNINAUINIFBINDI  AENFINAA STZ
I o 4 o <3 Y] [l = % o 9 = 4
Aunar 2 dawt Mmsinudeg1aaen lagmsaar 19 YMERaINaaUAIea13D1503
A o Y Y a a . . v J A = A
o iarszaung Ind (glucose) luiuuazduyau (insulin) dninaacsfigniadis STZ il
FLAUNAETN glucose NINAIBABDINIT 5 21U = 250 mg% 2DOIUAANILVIMNULAZ DL
gmirlAnymaaes

o a I o S o @ oA Yo
NMINaI1NNA STZ ulunm 2 T:T‘]J@ﬂ?i ﬁ@?%ﬂﬁ@ﬁiuﬂ@‘hﬂ 2,4,5, Uy 6 i]gllﬂi‘ﬂ

o ' Y o Ao o Yo
asanamusee lagmstowdmhoyniu  luvazidaineasddungquin 10 aldsy

)

S <

vitamin E ( Ol-tocopheryl acetate) ¥11A 100 mgkg BW deavarelutiniudnina 1iu
09/' Qy 1% J o 1 % 09; 1 o @
TTYTLIANIAY 12 ﬁ'ﬂﬂ']‘ﬁ ﬁm‘n@aamﬂﬂqu%ﬂﬁmmmmagmeﬂmﬁmwa VITﬂ"ITUuﬁﬂ
oy o o 4 o P v 1
uTWUﬂnﬂﬁﬂQWWﬁaﬂﬂﬂ'lﬁﬂﬂﬁﬂﬁ Glu@ﬂﬂ”lﬂﬁ 12 TAINAADIWCYNNATDUANINNUAD
ﬂgiﬂ’s’f #2873 oral glucose tolerance test (glucose 2 glkg BW) M8HaIN1SNATOUANUNUAD
&£ o S v o q ¥ 2 . . 9 !
ﬂgjﬂﬁﬁu\?ﬁﬂ@n‘ﬂ ﬁﬂﬁﬂﬂa@ﬂﬂggﬂ‘ﬂflﬂﬁaﬂiﬂﬂﬂWﬁﬂﬂﬁWﬁ pentobarbital sodium FUINIIFD
(% o v A ' S o [l
ﬁ@\?‘l"iﬁ\ﬁﬂﬂﬂﬂﬂ'\ﬁ?ﬁﬂllé}? 12 ¥u. 1/]1ﬂ']3N']@]ﬂlﬂ@ﬂﬁ'lﬂ@ﬂllagsﬁﬂﬂﬁﬂﬂ Lﬂ’Uﬁ'J@fJNLﬁfJﬂﬂTﬂ
Y dy A 1 9 ! = 1 . o 1
m“l%u,azmmﬂamm ulﬂllﬂ ﬁﬁ@ﬂ!ﬁi’)mm\?ﬂlﬁifgﬂﬂiﬁﬁﬂﬂ (Thoracic aorta) “lslmuﬁzﬁu“luﬁvm

v . o o Y &L . o Y o o
N03 (visceral fat), AU, AUDDU, NAINIUD soleus LA red gastrocnemius, waz'lane 2 1edmsy
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U ] 9
nanssuMInaasIdIauae 1 diudlediudenszgnilieusnnaiann Mnmiuwaianmas

i 2 yyd _ o A a p o
mawngﬂmﬂ’m -70°C INBIUATIEH IUAIIHEY

A 1 v o J <3|
'J%ﬂ1§ﬂﬂﬁaﬂﬂ31uﬂum1u@aﬂ@1ﬂﬁ ﬂqﬂﬁa\jﬁﬂaﬂﬂaﬂ\'igﬂaﬂﬂ']ﬁ'lﬁlﬂunﬁ'] 12 -

) o < Y] (] A a3 1A 9 A Y] as.l'
14 GIf'JTiJQ NINTINUAIBYNNLADA (~0.5 ml) Wuausuay a1 W o Tﬂﬂﬂ?ﬁﬁﬂwﬁl\iﬁg MUY
9 o A o S w 1 A A A
ﬂ@uﬁ1§a$a1ﬂﬂgiﬂﬁ (VU9 2 g/lkg BW) 11NN UNLAZIIMSIAUAIE1E0A B UINN 15,
30, 60, 90 1Az 120 viasnniloudrsazateng laa dedruaeaszgminniuiensnnaiaun

{ < { 4 [ a a
Tagnanaui Idvzgniny139 -70°C ioasramszaung Induazduyau

v d
fonssuii 2 : msAnyIgNBluMsaaszAumIIAd (glucose, insulin trazlvaiu) i
A v, .. . y X Y ' A
(avANazAo insulin signaling Tundemgve s sANAMHN I UKV IINTNI
a4
WAHNUTHAN 2
I A = [ [ [ g’ =
galszaeain 1 - meAnyIwavesmsanad e lumsaaszauiiianaluaeauay
b [
A hlumsaeuauesweuiionos 19nenoduyau (whole body insulin resistance) 1UN122
Unatagn Mz NUYHAN 2

a L4 ~ o @ 2 . .
midnsemeruaiilwaen Kimsasiviaseaunatain glucose, triglyceride (TG)

1ag cholesterol Taal¥nAiin enzymatic test 19819 commercial kit azsiimsnsiniaseay
WA insulin 1HMALAMNINTIIAIT ELISA Taeld commercial kit — awlalums
Y 1
ﬂ@ﬂﬁuawmgﬁeL%ﬁwmﬂmaugau (whole body insulin resistance) %ﬂizmuiﬂﬂal%’
HOMA index (HOMA = Wagudd5¢@1l insulin (uU/mlazizall glucose (mmol/l)lu
' 9
WAENT/22.5) TIWAUMTIINNAIUVDITZAD glucose Tunaaumasnnilouaisazateng Ind
1 dal Aq ¥
lumsnageuanunumung lnalagazuaadluniveanunlans v (area under curve, AUC)

a o = = K A o a v .
ﬂ'ﬁ:]lﬂj13‘”7”\1%3!?’11]11““@!,86 ﬂqﬂqi@]ﬁ')ﬁ]ﬂju’]m TG Gll.!@muaz red gastrocnemius

] Y 9
eYsziune hepatic and muscle insulin resistance Tasmsthwiedvinualuaisazaie
. S yyq v A & o = = o
chloroform isopropanol uazna Bludiesiia Wensy 16 %ﬂms@ﬂmiaxmam TG ngnana
Y
$1uu 1 ml wagtiuneuliuis amiudainnazaiolua1sazate bovine serum albumin oz

A5IINITLAU TG Iﬂﬁlclﬂsi) commercial kit

7 A = o ' o o A
9adszaeAn 2 - ednuna lnvesmsanaa o lumsasszaviimaluion
Y )
uazanu hlumsaeudussveuiloos 19N 1eAdUYAY (whole body insulin resistance) Tu
NUNALAEAIZILNHNUYHAN 2

Y [l
msasiiatsnalylsdu GLUT4 lTundiie soleus Tasld western blot analysis Lii®

a ° 9 S Y 2 0 & 9 2 y A
Usziuanuannsalumsinglaausaanamie  Tashyundieuuauaziluiie
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[ Y] o 4 ) 091' ) a
HEATIUVDINIAUFAS (membrane fraction) eI lusnvTdsay  amiiuin s
Y
T1lsau Taeldy primary antibody 19 Glut-4 (anti Glut — 4 primary antibody) ¥a4910HUNINT
[ 9 a A =) =1 % 1
Fannuanved Ilsaunising Taenlseumsununquaiugy
Y
MsanmMsaidanuneluvedduyau (insulin signaling) lundanite soleuslng

1935 western blot analysis 198n153AN15151NQUD insulin receptor-1(IRS-1) LATHAYDINT

9 o v 1 9 o dy A o 1 9
I esanaamemaenInizqy IRS-1 uay GLUT4 lagindeweainainiua lasly

A . o S o A A y y A d < A gy
1394 homoginizer AU nilomonutenlae ldnsoslunnunyumies e ladiu

Y v

yoelusaundnimnmdsunaldsdvion  nmiuimsuenldsdunaulelaely  primary

. 1 @ 09: o [ 9y A A = ~ @ 1
antibody 919 IRS-1 wdaanniummsiaanudnveslisaunilsng Taenlseumsuiungy

AN

fan3sui 3 : msfnmINavesmIsANAMKIEIMIABNA INMIINIUVeIaeAeA
Y a QU A d‘d a d'
BazZMSMUMINANIYATHYBIHAdAEEA | UHYVINHA I NUBHAT 2
7 4 [ ' 1 o .
9AU52a9AN 1 - INOANHIHAVDIENTANATINT 19110 NITH19UVDY endothelial cell
A a A A Aa 9 o
voanaadona lunzlnduazn Mz NuItan 2 NNN1ZUNINFoUY 2 lauasnasa
A
o luszezusn
A
WmsAauenraoaden thoracic aorta NUAMAIINTINMIMIUIALAD 1INTUADEY
4
daviasaiion liinueIUszun 4-5 mm Tua1savans Krebs-Henseleit pH 7.4 Hd491n1iu
1907 stainless steel 2 1duaoadn 111U thoracic aortic rings uduvindaednanilatnm
organ bath drutlanedndnened 1y force transducer LazABNA polygraph 1Wo3A isometric
. . . Aq Y= A A g o o ' P}
tension 198 passive tension N 1¥AIHaDA@OATNANLTZINY 1.5-2 g videnniutlaselvivaoa
A v W A a o Y
wondsudaalu organ bath ﬂﬂanﬂnqmwgnﬂizmm 37°C a1 95% oxygen and 5% carbon
. . A Y I a A A ~ o 9 @
dioxide 10 11171 pH 7.4 aapaiiual 60 WINWeAIUNAaARBAIZgNI eI 11HHAAY
T4 Phenylnephrine ALY 10° M ilomsvadagaganainda insvea ACh AW
Yy 9 09/' 1 -7 -3 Y o o S 2 4 @ A .
Wutuaaua 107-10° M uai s nalesisudnmsaaienivesrasaion thoracic aorta

?9 ACh ¥992UDNDINITINNNUVDA endothelial cell YDINADAIADA (1/9991ANA MANITHINU

VB3 Acetylcholine mumﬁﬂszéjumiwé’ﬂ nitric oxide 910 endothelial cell ¥BIHADALADA

yatlszaen 2 - iefnyIavesEmsafam oM Ae M ueyyadaszlu
9 dy @ a A A Aa 9 @
ndwiier v lupmzilnduazazimnuyian 2 NazunInFoUveI laaziaen
=
aealuszazusn

o @ 9 a .
MM IAMINTZAU PKC 11ag NF-kappaB luniaoaidon 1as7s western blot analysis
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TagiimaoamoauasInauuaudiflunuunyules e ladiuveslusauudninam
a = 1 o A A 9 A d? a A
Ysunalilsau aswimsusnTlsaungnnszquanmaiuyuves syyadaszluvaoaiaen

Taels primary antibody Ao PKC 1ag NF-kappaB

nanssnd 4 : msfnmgnslumsilesiusazdumseyyadaszvesansanaavig
. P A da a4
maemsvudsmsine lalunywnidazmnusiai 2
o’d‘ d‘ = 1 1 [ /A dy d'
10152a9AN 1 - NANYINAUDIE I WWIMADT g IUIANTTAMIINIveuilowe In
Tunzindtazaznnusian 2 nun1zunsngounia laluszeziusn
o [ = [ o 9 dy d‘ d! 1 d! o
Mmsaauen lasiuiindennihimsmiuanauds iewe lanilsdiumiteszgnii
[} 3‘ . 3 o @ o o w [l § A [l
111110181 10% Neutral formalin 1JUa1 12-24 1 Tua idaniidledrauiioms lasu
= dy A A o a dy A = 4 9 4
yuumsmssuioooluiion Taailowe lnazgnasweunarluwadoondisuoanosoa
Y Y o o Y Y 3 o
vnANUTLIUA 1 dinnududuga (70% ethanol -100% absolute ethanol) (Hutyan 1 42 Tus
1 ogj Y] 09/1 o g 4 ] 5 I~ Y] a
aonse vasnmiusi Ifiilowe la'la Tagrueasazans toluene Fuiudinaralmineumis iy
=< F) dy A o o 3 A o dy A o =
aunsaFuanluiiomonlunal 1 ¥ Ty 910U 2 59 waziovinilomeiaaslumen
sy udrnaih lddananunudszum 5-7 TuTasmas uazih lddeudreddon
. . A = = = J 1 Yy v d
Hematoxyline 1182 Eosin (H&E) todAnyulSouiieulunsazngy melandesganssminuy

5354A1 (bright field microscope)

s A = [ 1 I 9 A

yaszaani 2 - ANy Iwavesmsanad M lumatlumsd e yyadaszlu
Talunmzinatazanzuivnusian 2 Mnzunsndounia laluszezusn

0 . . A 4 o ' ' 0 o y v v

MM3 slice dauiloe laduuenveod lanyuaazngu uaziihwihimsiuuenlnla
1 (09}1 g’ o 3 @ . d
dauveuaaanrug taz 19yaiierduia31as191152AU Malondialdehyde (MDA) touon
= .. C L A H
99017 Lipid peroxidation Tudlete laduuen

A

4 y [ 1 1 (% o
galszaean 3 - ifedAnyIHaveIETANAT M I IAENT IAN1TNIIUIAZ NS
= ) [ = [ a =4 ~ 1 o 4 1
uaasoonvessud iy llsauvudimsouniddszgaueguumivgadvene laluniiz
Unfuazn iz nuriian 2 nianzunindeumalaluszezusn
9y A [ ] da’ A ' Y
141509 microtome ABEY slice MmuyludIilawe ladruuon Tilianunin

k4
152119 0.5 mm 910U Renal slices "UfN“ri’ll‘fUTJGlu!L@lﬁgﬂq&lﬂﬁ‘ﬂﬂ'ﬁﬂi 929N incubate @9{’38

]
v AAo

] o = 1 a =4 A A A I
ﬁ"lii\iﬁ'“l/lﬂ'l!‘W']%@']@ﬂ'lﬁ‘Vl'NTLlﬂl@\?I‘]Jﬁ@]u%uﬁﬁﬁ”li@uﬂiﬂﬂﬁgﬂﬁﬂsﬁuﬂﬂ 3 RTLNERTATS I,
A Aa ' A ' A ad & ¥
TlsaunlimsuaaseonggalungulUsAuvudsmsduniodszgaunavun  1aun  estrone
3 =} o o a v aa 1 dy A . .
sulfate (ES) {Wuan 30 wn Llﬁgvnﬂ"lﬁ'lﬂ‘l]ﬁlﬂﬂ!ﬁ']ﬁ'i\‘]ﬁﬂﬁ%ﬁiJﬂgﬁluluﬂlﬂ@ll@] (Radioactive

transport measurement)
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s A = o [ 1 @ o =
1lszasni 4 - efAnymavesansanammuswmaensianisiinuved lisan
1 a =4 A 1 ] 4 1 A 9 9 . 1
yudeensdoun3dlszgavieguumivyadvesne laluaniizignnszquaie nsulin H1v
1 o J . . 1 a a A Aa
namsdedgaamelumadued insulin voane lalunnzilndnaznzmmnuyiai 2 A%
9
amzunsndounialaluszezusn
NAMIANHINFIULIND N ﬂ”liclf]g)'j insulin N30 epidermal growth factor (EGF) #14130
9 1w J A o = ' a o )
nszgqumsdedaanunslumaduazmumyianuveTisausudansounidlszgauriia
] 1 Y ]
N 1 uaz 3 18 [39-411 Faansai ldlaons pre-incubate 1iloibe ladavuen vosnyvynly

1 U Y . IS ~ Yy =K . = 09: 4 9
HARSNANNTTNANDINIY 30 ug/ml Insulin l‘]J‘L!lfJﬁ’] 30 HIN LAY incubate DNATINUUI AY

]
~

v A . . o 1 =) 1 a =4 3 a
@15359 para-aminohippurate (PAH) (3un1zae lsauvuasasdunislszyauiisiian
<3| = o [ a o A ] ; & . .
uaz 3) Wuna 30 Wi sazihmsiadsnamssed@nazavegluiionela (Radioactive

transport measurement)

s A = [ [ 1 v A

P0UT2AIAN 5 - INBANHINAVDITITANATIHI N INDMTUTAI00N TUTZAVDY
o o A A Y @ . . a A A
dmsuen lsinMenteanun1ig Oxidative stress 1 Taluaziladuaznznmnusian

d'd 9
2 N NzuNTNFoUN laluszezusn
Y ¥ Y
hanudiewe laduuenvedlamanaten RNA 1aziimiiasedumsianinonuoa

By Tagmaiia quantitative reverse transcriptase polymerase chain reaction (QRT-PCR)

7~ A = [ 1 1 ~ a
galszaenn 6 - iMeANYINAvRIMIENA I B MasuuilasllTuuns
=) @ A A A 9 % 1 o J . .
Heaa99enUe 1lsauaina1sous Mnerdesnunmsasdyarunslusadved insulin - tag
1 1 o =) 1 a S A 1 ] 4 1
dananemsiauveslUsauvudemsouniddszgauiieguuminyadvone la
o A A \ y oy Y ¢ o o @
wutlede laauuenvedlailunen i ldduveusaananua (cell lysate) Wigraa
4 ) a 4 a = 3
(membrane) 1A% YBUHAINGIUFAA (cytosol) tazihmuasiznrlsualUsaunviua
4 1 v
NIU1HNALA Western blot analysis  1um3n1Ysuna Tdsaudinarsduanaule Taglsy
I v
primary antibody numzae s ﬁuﬁaﬂmqﬁ’uq Ao Non-phosphorylated protein kinase C zeta

(PKCC) 18 phosphorylated protein kinase C alpha (p-PKCQL)



22

a d aa
NITAUANTHNINTDA
v

o AY Y o a 4 aa
H'INEIﬂ1§1/]ﬂﬁﬁ]\‘ﬁ/]Ulﬂ'i/]\?ﬂﬂﬂiﬂﬂmﬁ'lgﬂﬂaﬂ'l\iﬁﬂ@] Iﬂﬁlﬂguﬁﬂﬂiugﬂ mean T SEM

9 = ~ 1 1 9y aa . . 9
Yaya ﬁ]zﬂﬂlﬂ‘iEl‘]JmEl“Ui&ﬁ’JNﬂi]iJ‘V]ﬂﬁ@ﬁ Iﬂﬁlsl“lfﬁﬂﬁ analysis of variance (ANOVA) #14A¢Y

1)

1 = o v o w an 0o
Fisher post hoc test Ai1p < 0.05 DoNTszau iedvynana lagldllsunsuduiage spss
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UNh 3

a a J
HaN1INaol @nﬂswunmmsmwa

a v =
NMIIWYNNNENHIAN

1 { o . o a d [ L4
g mTeninagouno Spirogyra neglecta (Hassall) Kiitzing Tﬂﬂ”lé’fmmswqﬂumﬂaﬂym

a A a

-4 @ a va av 1 4 a a
10 TOIMIANTIV1TY AT.8IA WINITNAA ﬁﬁﬁﬂ}'lﬁ}ﬂﬂﬂg]ﬂﬁﬂﬁ’ﬁ]EJZ‘TTHTIEJ‘ﬂi%QﬂG] NINIBIBIINGT

Q

a 4 a v A [ 1 - 9 = [ d'
AULINNANANT UHINGAFEI N pnvesasaen 1y lumsanuiawanlu gUn 4

gﬂﬁ 4 MNLEAAITINT 910 (Spirogyra neglecta)

v v
@ 0 ' ' ° 3
%Wﬂﬂ"l'im?EJiJﬁﬁﬁﬂﬂﬁl’JfJuﬁlﬂQﬁ’ﬂfiﬁﬂmﬂﬂﬂﬂ"l'isgljilﬁ"l‘ﬁi1ﬂlﬁ1llﬁ)ﬂ1uu1%}6ulﬂu!’3a1 3 Hu.
1 1 o o [ oy 1 o . o
WUN mmwmmﬁ’a 100 NI 1/]1L‘]Juﬁ’ﬁﬁﬂﬂﬁ?ﬂlﬂﬂlﬂ\iﬁﬂfiﬂﬂmﬂﬁ} 32.33 NN (yield ¥93IA1TANA
9
MUIE IR UNINY 32.33%) Tﬂﬂﬁiﬁiwl@nuﬁjﬁ 100 N llﬁuﬁiﬂfﬂﬁﬂﬂm%ﬁﬂimﬂm 1 nn.
Z o a a2 v 9 gl ' Y '
mﬂuummimafuﬂ'imf,uT‘waWuaa“lumiﬁﬂﬂmﬂmmmwmﬂqu]i@u I?JL! UASHUNMINUI a9

anavesarstem 1 nsuilsuaInailuealioouny gallic acid A1 78-100 un. GAE (A13199 1)

d' a ax v 9 31 1
MA1519N 1 °]J§ll1f,1!IWﬁwuﬂﬁﬂlﬂﬁﬁﬁﬁﬂﬂﬂ’Jﬂuﬁlﬂﬂfﬂﬁi18]!&]1

Lo Bunalnailuea
gauhuIng?
(mgGAE/g extract)
gafou (n.w.-w.n.) 77.66 + 3.56
AR (.8.-n.8.) 84.41 £0.42
99NN (9.0.-10.9.) 92.95 +0.10

=2 v Y oy 1 v A (A s A )=}
mgGAE/g extract ¥1¥D3 @157 NAAIYUIVDITIN 18401 1 ﬂiiJ‘JJ‘]JSZJ"Iﬂ!IWﬁV\Iu’OmN’E)L‘V]EJ‘]J

v A I aAa a o
A3 gallic acid ulaaniy



24

a an ~ o w Y 9 & an, = 1
TagwuSuna Indilueasesdrnuainuinliidesluganun du nagdou Fs 3 ganmaliswinna
P o YA ] ol 1 o % Qdd v d 9 1
maaiirua13de it 40 un. GAE dwmsumsnagevgnizinmludainaasserldamse
{2 1 [} us/' 4 [ I
mnunen lurinefeunuanaeanIsnaaes 1Ho991nF1932eza1 lUMISINUTIVIIVLAZIAT oL
msanaogluriengson
M3NN 2 uaal5ua % yield, carbohydrate 118 sulfate content 1INMIANARIAVAIUVDY
AR WU fraction 3 (F3) dauanammiuea J15ia yield 1nfiga 599090170 fraction 5
Y
1 ) a . 1< 1 @
(F5) druanarhiou TaeliUSum yield Tungdou du vaznuniu 19-23% ludiwanamnuea
[ Y g} Y ~ [ 1 [~
(F3) uaz 12-15% ludruanaihiou (F5) asnwuluamsieaidiulvaiilu carbohydrate Taawulu
1 o :’ < o A A A @ g’ 9 o a
gaanaiugy 25°C (F4) Hil5wa 31-50% luvagiawanatiisew 100°C (F5) wuilsum
Y
carbohydrate 11111 34-39% dIU1/5u184 sulfate content 11 F4 ttaz F5 wuludsunm 1-15% wenvinil
[ a A 1 [ o w 1 ~ 9 A
ganulsuna TnadueavesdruanauuudduaIuves F3 uaz F5 mniiga laammzluggiauiia
89 173-180 mgGAE/g extract (713147 3)
NAINN 3 uaanNuaIalumsuinoyyadasz lunasanaaeany  diuana F3
O’dd‘ 1 1 (% o 2
uaz F5 ugnianga lagia1 TEAC wnU 49581 uag 431.28 lu F3 uag F5 mwaau lag
[ a = v o Jdo a 1 as A a
ANnuaIalumMsvInoyyasaseianuduiusiulsmaasnguInarueanwululsuamnn
{ o 5’ =\ I ) P Aa [
(M3199 3 uay 4) aaiu F3 uag Fs elinnudu 1l 1dlumstih ldneaaeugnidinwseanae 1y Tae
1 o o A = = 3 1 as 3| o A A
NYUANTAIAYNNANTNIFINNUDY F3 1iuansnguInanuea (polyphenol) luwan taziilium
. { ! & ! e . T
yield iniiga dau F5 ifluansnguInduannis 159 (polysaccharide) taz Inadusai lianso

= o RS 1 < as v Y Y 09; 9
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@519 2 15118 % yield, carbohydrate 182 sulfate content 1NN IANARIAVTIUVDIA NI 1010

% yield % carbohydrate % sulfate content

Fraction f930u gy 9HUN f930u g6y 91U f930u g6y aA1UN

(N.N.-N.9.) (.8.-n.9.) (®.n.-1.9.) (N.W.-N.0.) (1.8.-n.8.) (®.n.-1.9.) (N.W.-N.0.) (M.8.-n.8.) (9.n.-1.0.)
Hexane: F1 1.64 2.26 1.10 - - - - - -
Acetone: F2 3.88 2.41 1.30 - - - - - -
MeOH: F3 22.96 21.11 18.87 = = = = = =
CW (25°C): F4 6.29 4.03 6.20 50.07+1.40 | 30.84 £1.40 | 35.76+1.01 1.78 £0.08 14.70 + 0.64 7.90 £ 0.82
HW (100°C): F5 12.95 11.62 15.43 33.94 + 1.46 38.86 £4.66 | 38.57+1.35 | 1.08+0.01 0.94 +0.02 1.05 £ 0.04

a a o
51 carbohydrate {1Q1& sulfate content UATIEHUIRWIE CW LIag HW




d‘ 2 A 1 v o v 1
M1919N 3 ‘]JiNTmIWﬁWU@ﬁﬂlﬂﬁﬁﬁuﬁﬂﬂuﬂﬂaW]“lJ’ﬁ'JL!
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PSunadnailuea Pnadnailuea
Fraction (mgGAE/g extract) (mgGAE/g dw)
gadou garlu 9HUN gadou gaelu aHUN
(N.N.-N.9.) (1.8.-n.2.) (®.n.-1.9.) (N.N.-N.9.) (M.8.-n.8.) (®.n.-u.1.)
Hexane: F1 121.82 £2.50 168.92 + 19.66 76.17 £3.33 4.16+0.32 4.78 £0.56 1.04 +£0.04
Acetone: F2 76.39 + 2.88 224.15+£27.25 164.38 £3.71 3.71 £0.12 6.75+0.82 5.89+0.13
MeOH: F3 172.91 £9.95 56.34 £ 1.66 40.30 +0.77 39.60 £2.28 14.87 £0.44 9.51+0.18
CW (25°C): F4 18.07 £ 2.19 27.51 £0.85 29.75+0.38 1.67 +£0.20 1.38 £ 0.04 2.30+0.03
HW (100°C): F5 179.84 £3.14 115.06 £ 1.77 156.32 £1.44 34.18 £0.59 10.45+0.16 23.07 £0.21

= Y ' v A (A s A A Y a . . I a a o
mgGAE/g extract U103 TITTNATIMTI9A1 1 nsuUTIna IwalueawameuiulTunm gallic acid Auiladnsy

mgGAE/g dw

1 o a 4 @ a I A A o
MUNeDe @13 eA e 1 nsuidsina Indtlueaiefeuiuysuna gallic acid \uiaansy
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H Q{ U L
M3197 4 gnFvIneYYa ABTS

Fraction TEAC (mM Trolox/gram of sample)
Hexane: F1 66.05 +£4.27

Acetone: F2 389.07 £16.03

MeOH: F3 495.81 +13.85

CW (25°C): F4 33.06 £ 1.50

HW (100°C): F5 431.28 £ 16.06

TEAC: Trolox equivalent antioxidant capacity
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Y ]
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[ a 1 T 3 1 1 1 1 v o
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= Y . a & 1 ﬂloy o 9 1A o
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1 4 1 Y
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31N 6 WaYOIATANAVDICINTIBINIAD visceral fat YOIMP ANV AUHYYIIN

Y U

= a d' d' Yo nm Yo [ 1 1
UNNTLUINNUBUAN 2 ‘Vlllﬂ‘iﬂllﬁgvlllllﬂ'H"Uﬂ'ﬁﬁﬂﬂﬁWﬁ‘iWﬂL@]ﬂH"UH?@ﬁNG]

* P<0.05 vs. control ; # P <0.05 vs. DM
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Relative visceral fat mass
(9/100g BW)
[T 1 PO - - -] E
-
2 I
%
*
"
*
*
2 I -
%
“ I

N o @“ X o
< D ] ) 2 Ky
¢ < x‘;k x‘:? ‘-OQ‘\ xﬂ(\ @‘o @"Q @"
x N x X X Q
> N o N ) > >
e Q\‘o Q Q B Q o Q\.‘e Qﬁ

D-

[ 1
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GiNG] * P <0.05 vs. control ; # P <0.05 vs. DM
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Y 19 1 1 A [ o I'd 09/' (=)
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a3 { < 1Y a o 1
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o Y '
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a q’j 3 = 1 o A 1 o
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o o A A A :/l d’ Yo [ 1
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% P = 1 o o 1 @ o @ Y
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Tuvinage 1000 mgkg BW/day (anad 35 %) ilenfSeuiisnniunyanniiinizmmnu

£ " Yo [ & o [ 1 Y =) [ ~ Yo

AU i Idsumssn Fdnvazmagenanvzny lamu@ernurga i 145y
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4 1 %

N IUMsanIeAL glucose 11a0A (antihyperglycemic effect) tazilsea@nsnmzu@eIny
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* P<0.05 vs. control ; # P <0.05 vs. DM
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4 [
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1 4
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U
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MIUNUUYPVTINUNTISLUTITNUFUAN 2 ‘I/lhlﬂiﬂlla$llllblﬂiﬂﬁﬁﬁﬂﬂt’fﬂ’iﬂﬂmﬂuﬂlu1ﬂ
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* P<0.05 vs. control ; # P <0.05 vs. DM

WAYBNATAAAT NI 1A (SN) AIDANUNUNMIUADNG AT (glucose tolerance)
] 1 A
IWoANYURGINUNIZADABDUYAY (whole body insulin resistance) AMTAITEVI |A
o = 1 d‘ Qy d' d'
mmsAnanunuaenglaa Wodugamsnaasy 9103l 154  vaasmsnlasunilag
529U glucose W@oAINMINATOUANNNUABNG IndvBInYMUNALaz YU INTNIE
§ o o ] <3 1 a 1 o
wmnui Idsueansanasusiom sz lunyanidnanguaiugy wasnnldaisazae
1 [ = A d? A 9y =
glucose (2 g/kg BW) WUN3AU glucose THaoasginugayuluinin 15 uaz 30 1a1939y
1 dd‘ o o d‘ Qd‘ Yo [} 1
Avganad Ui 60 waz 120 awday Tuavazivyynilnan lasvmsanavesdnsie
F4 1 [
MUUIA 1000 mg/kg BW 1y malasuuiasszay glucoseludoaiiioliaisazarong Ina lil

HANANINK YUY NANQUAIAUREINTBT ATy

Q q

dmSunyanitianzmnu  flenageuanununiuaeng InaudinuNnszay
d' A Q' tig} 1 A v o W d’ = I [ a
manJasulaives glucose lwdpaiingvuegiisdanien/ssumeununyulng
9 1 ¥
aaoA 120 Wl 1aAIIiiN1IZ impaired glucose tolerance NATUTIAUNADINLDINININ
9
mazﬁaﬁaaumau (insulin resistance) N30 impaired insulin secretion ﬂ1§1ﬁﬁﬁﬁ’ﬁhﬂlﬂﬂ
g luuua 250 mg/kg BW, 500 mg/kg BW 182 1000 mg/kg BW UNa128aa glucose
a { { [ I 1
response TUHUUIMNHNUFHAN 2 NUANBULIIY dose dependent manner LATWUIIVUIA
1Y 1 cs' 9 1 A v o W di =1 [ d‘d
YOIMTANAAINTIONAINT0AA glucose response Mo Tsd AR sUN UMY 1IN
Y [
anzivnuauan (Lildsumsinu) Ae 1000 mgkg BW avandosnunadoiuildngi
[ Y
ﬂlﬂﬂﬂgiﬂﬁ (area under the curve for glucose ; AUC for glucose) Ninaanng TAUC, BAUC

{ t g J 1 yl [ [
oy IAUC (317 15 A, B, nag ©) cdﬁwauﬂamﬂmimﬁauﬁm%’nmiaﬂﬂmmwmwum
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1000 mg/kg BW ﬁwaammmmqumwmmaz impaired glucose tolerance #50019na17 19
1A . . Lﬁ' = = = 1 [ 1 t:ya/
MUNIT improved glucose intolerance uazmazﬂiﬂ‘umﬂ‘uwaﬂﬁﬁﬂyﬂuﬂqumﬂanuﬂuwg
A Yo . J A [ 09} A A 9y
"’U'I'JL‘]JWW'J']uVIllﬂﬂJfﬂ metformin wmwmﬂﬂaﬂuuﬂmizﬂummaﬂgiﬂﬁ“lmaamm“lw
arazaneng lnalunyarmui ldSumsadadmsomiania 1000 mgkg BW fiawiey
U ~ Yo . = v Y] g’ aa
N uaﬂuwy}mmmmmm"lm‘usn metformin NLQW1$ﬂ1§$ﬂﬂu1ﬁ1fﬂﬂgiﬂﬁiuu1ﬂﬂ 0
1 09/1 {0 v l v o w <
(basal plasma glucose level) WnuuﬁﬁTﬂ’JTWHLUTWNHﬂ’JUﬂM@EJNquEJﬁTﬂfg waaalfiviuga
9 ] Y
Uszansmmssasanadmnomlumsavguizauihmang lndlwdeanayuainms
] 9 '
VIﬂﬁ@Uﬂ'J”I?JVIH@E]ﬂQIﬂﬁ Gﬁmallﬂfl’ua1mﬂﬂi}mﬂwsgwummllﬂumsmmmama@quau
. . e . =) a Y o . . o A dgj lqg.: dyo I~ 9
(insulin sens1t1v1ty) ﬁi’f]mill,ﬂﬂ]lﬂi]"lﬂﬂ”liﬁa\‘l insulinNAVDDULNUUU LLGWN‘LHHLTJHG]E’N
= Q‘ a 1 1 . d‘d 1 7 09} dd‘
ﬁﬂBHWllmll@ﬂllﬂ AIUNAUDIYT metformin ‘VlllNaaﬂmWTzﬂﬁ%ﬂ‘UuT@”Iﬂﬂf;ﬂﬂﬁbluLl”l‘VW] 0
> A Aq YN (A Ay
uummummmﬂmmﬂmmﬂm1%uﬂiu1mmuﬂallﬂ
= 4 o o A '
717 15B uaasmsnlasuulasszdvihmanglaalu@eaanmsnageunnuniee

a d‘d Yo Aa a A
nglAa (glucose tolerance test) VoYV NUnANAzHYININTAMIZILIMNUN IRTVIATUD

e =)

HazETANATINI BN YUIA 1000 mgkg BW  wunmsilasulasszauivang lnalu

e

A A Y} Aa Ay Yo A A Yo o Y =
laf]ﬂli]f]GlfViﬁ’liaga’]ﬂﬂQIﬂﬁiuWHﬂuﬂ’nglﬂ'le’]u‘ﬂllﬂ U GlWiJMEJLLﬁﬂ@TUHHJHﬂITJTWﬂN

% [

Hod1nwy uazaamé’mﬁuwa&ia area under

9

v Y
mLﬁmﬂﬁunmmmu@unmmmuﬂ’mﬂm&m
v 4 4
the curve for glucose (AUG for glucose) mwmwﬁuﬁq total area under the curve (TAUC),
basal area under the curve (BAUC) Ll incremental area under the curve (IAUC) (3 1 15 A, B,
£ [ dyl = tﬂy =) A A A dgl a = QSJI <3 (=}
1ag C) G]Nmmmmmquuiwmm’smaﬂa@ucgaumwquu memuuauuﬂ"luuwa

889 whole body insulin resistance Aeg19la

NAvVONEITANATINT10IA1 (SN) AonTasauved 1y oo (hepatic triglyceride
content)

ami 17 uaaswamsliasnageuneunaves hepatic triglyceride content W31
114viHmaﬂnﬁﬁ"lﬁ%’uﬁ@miﬁﬁﬂmwﬁwmwmﬂqquaxﬁyﬁwfﬁﬂwﬁm hepatic triglyceride

d' 1 1 1 a d' d’d IS
content ‘V]llllLLGIﬂﬁNhlﬂmﬂﬂ'sjllﬁllflﬂﬁﬂﬂﬁﬂﬂﬂﬂil VUSNHHYVIINUNITIIUNUAIVANY

[

v 4
JEAU hepatic triglyceride content L‘Wil’sj.fiﬁu (+93 %) mﬂfmwlgﬂmﬂﬂmﬂ’mﬂmanﬁuaﬁmm

9

[ [

dmSums IdensmsanadmiemvuIags (1000mgkg BW), 81 metformin 1ag3aaiud i

{ ! . . . Y 1 v o w
WyUNINIZIIMUIHETI08a hepatic triglyceride content lapensfitiodAny  (-65.7 %, -

U

36.3% 1AL —50.5% A1NA1A1)
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d' v 1 1 A 3 A
5UN 15 wavesasanavesavsmnemsiasulasszay glucose luiaeavin

MINagoUANNNUMUADNg Ind TuryVIINANBUNUNYIIINLNIZLNKNIUFIAN 2 1

1asvua lildsuensataensom luvunng1eeg * P<0.05 vs. control ; # P < 0.05 vs. DM
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d' o ] 1 dy Aq ¥
E‘lJ‘VI 16 Nﬁmﬂﬂﬁ1iﬁ'ﬂﬂﬂl®\1ﬁ1ﬁiTEJLGH@@‘WHTI%]ﬂi17\|ﬂlfliﬂ§1ﬂﬁﬂ1ﬂﬂ1ﬁﬂﬂﬁ@ﬂ
mmmumu@iaﬂg Taa (A) total area under the curve for glucose (glucose TAUC); (B) basal
area under the curve for glucose (glucose BAUC); (C) incremental area under the curve for
a A o A a A A Yo
glucose (glucose TAUC) lunyulndiisunuryaniniinnzwmnuaiai 2 1lasuuas

lilasvensadaamsieeluvinaniee * P<0.05 vs. control ; # P <0.05 vs. DM
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31N 17 wavesasanaveIea NI 18n9e1/5u18s Hepatic triglyceride content 1111

Aa A o A A A A Yo n Yo [ !
5UTJ‘]J'ﬂ@]L‘1/]fJ‘iJ"ﬂ‘]J‘ViL}5111’31/]3JﬂTJ%L‘]J1‘H’JTIV.!BKLW]‘1/] 2 m”lmuuas”lu”lmumsaﬂﬂmmwmﬂu

GIJL!W]G]'N@] * P <0.05 vs. control ; # P <0.05 vs. DM

Y
HAYONT1TANAAIMTI0IA 1 (SN) AOMSaANaYIMOUYaL (insulin signaling) Tunduiiionte
A = A o A A Y @ . . I K 4
WAy unedfuna lniineIteeny antihyperglycemic  effect ﬂﬂ!zg’)%ﬂﬂﬂﬂ
o = ~ . ~ P L
MNTANYINTUAANDDNUYDY GLUT4 (g‘]J“I/] 18) tag IRS-1 protein (g‘]J“VI 19) 6l‘lllﬂﬁ'l‘lllfhl’ﬂ

[

soleus 1A835 western blot  HAMIANEINUN  TunywnRlazmNuAIUaNlszay

A v o o

v Y
GLUT4 protein Niponinguuyaninaniuguedniiviodinn28 %)  1¥niiinnw
1 4 R . .
UNNITDIVDINTEUIUNIT glucose uptake Tunduiloanedaiiy major target organ Y94 insulin
& a o & y 4 oy &
"]NIﬂ&lﬂﬂ@]ﬂ”IfJﬁﬁ\ﬁJf‘]@ﬁ’ﬂi‘]JigﬂJ”lm 70-80% U glucose wan uptake IgNATNIUDaAY
9
HAagNITLEAND0NUDN GLUT4 protein ﬁu%:gﬂmmuﬁ}w insulin IQEJNWU‘VIN insulin
. . 2 = qu/ dy 9 Y] @ . A 1 dy
signaling cascade Flumsanyiasedl 1smsiaszaumsuaaioonuod IRS-1 protein IWBLNY
N proximal insulin signaling activation uazwuiﬂuwwmmmmmuﬁizﬁu IRS-1 protein
d' 9 U U a [ 1 g// [ 1 d‘d
wuaammquwmnﬂﬂmmmu (-6 %) IﬂﬂﬂﬁﬂﬂﬂﬁWQHHEJQWUGLHﬂQNWHGIﬂ’JVINﬂTK
~ Y 09; o 9 F) 1 o
L‘]JT‘YT’JTLJ‘V]UlﬂTlJHnJu"’IJTJIWﬂﬂ'JfJL"Buﬂ‘L!
msliasadaamsom luvinase inaiiumsiuanioonyes GLUT4 protein 1Y
1 4 [ 1
WUNUMIUAAIDBNUBY  GLUT4 protein tinAuadiodAny luryanitianznmnui
1@svansanaememnuing 250 mgke BW (+36.7 %) 1ag 1000 mg/kg BW(+45.9 %)
H v 4
A0ANRDINUNAMIUAAIDDNUDY IRS-1 protein ML THMANINATY  wadanauaaald

< ' X A { 1% [ ' =
Wind1na lnnilane19Rededny antihyperglycemic effect YBIENTANAAINIGAT ADIAT
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v 9
ADUAUDIAD insulin LINAUY (insulin sensitivity) UMILEAI0oNYY IRS-1 protein LagGLUT4
. A dg’ ' Y Y 1 J v dy = A a td'dd?
protein fWUUH ﬁﬂwﬁﬁlﬂﬂﬁ uptake VDN glucose L‘UTQ’L"BﬁaﬂﬁnJLu@ﬁWfJiJ‘iJi%ﬁWﬁﬂ"IWﬂWUu

o [ A a 09)1 <} 1 A . 1 o
dm5ums Iiadud Tunygumausiudnu e somy GLUT4 protein I8igui@ioani
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c @ 140
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&‘o\ \QQ é ("\QQ \QQQ x \ ‘\\é\\ (Qé\\ §)
c® Q \x‘v @x% xco‘\; Q@ y & x°° 6\*\
&e\ PR Qﬁ\ <&‘,\ o“\
o o

5UM 18 WavoIaIANAYIE NI 1WAIADNTIUEAIDDNVYDY GLUTA4 protein 11

Y

9y tﬂy a A @ A A A A Yo " Yo
NATVLUD soleus Glumgmnﬂﬂﬂmfmﬂuwmnmmammmmww 2 ﬂ"lmmmz"lu"lmu

F5ANAFINT A IUYUIAANS * P < 0.05 vs. control ; # P < 0.05 vs. DM
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& R & & °
& o
oy (o

‘ﬂﬁ 19 WaVYRIENTANAVONEIHIIUAINONTLEAIDDNVDY IRS-1 protein °1uﬂmmue

=]

soleus MWL mnﬂfmmemnuwumnmm’;mmmm%ﬁﬂﬁ2 Algunazilgsuasada

1131801 JUVUIAANT * P < 0.05 vs. control ; # P < 0.05 vs. DM
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waveamsanaa s (SN) lumsiueyyaoass lu@en (antioxidant activity)
[ v
INOANYINAVEIATANATINTIIAIADTZUUAUOYYADATZUDIT M TUN1IZ

a a { Ja o Y o g a 4 Y1 J,
Unauazlumnusiahn 2 aauzdidedsldmmsiadsnuves MDA Tuidoaive 19 i

[ [
=1 [ v o

M3INA Lipid peroxidation uals1ngianasivialatszaudminuas hinanaiusznin

v Y Y 1 i1 Y
nguryIMnALaznyIINUFIaN 2 Nelaurguilainzioninszauihamang lna

q

= A a A dy n 9 L] ~ a A
“lumamawmnmmazmm’nmm@m 2 u”lu”l@mmmmsm‘n%wuiumfmmmmﬂmw

£ 3 ~ VAo ] = =& A AR
1 (m%zmmmmuﬂmﬂaﬂuuﬂmﬂm%mﬂunmmw) uazaﬂwmmmqﬂ@igaznamﬁﬂm
% 4 A A a { A %
LﬁEN 12 mJ@m DIVVISINAUTUTSHLUINUDINITLNG  oxidative stress ﬁm@mﬂmimmmmu
glucose Tuideald lud
wusj I o K 9Y o [ d' ~ anAa v ) = 1 1 d' ﬂjldy
muuﬂmzQ’Ji]ElﬁlﬁllﬂﬂmﬁﬂﬁmﬂaEl‘LJﬁm“]JEl“]JTﬁ’Ji]EI‘lﬂVnﬂTiﬁﬂ‘bJ1ﬂWlN”]1ﬂ‘lf“]N‘]f
2 1
2 . . . . a 4 o
N1TINA oxidative stress LASNITAANTIY oxidative stress mm’ammiwwmmﬁm%mmm%
d! ] Y a a 9 v d‘d
u,azllmmu Glmmzmmm%@ﬁmﬂmimﬂmazLmiﬂ%umwﬂmmz%ﬁluﬁy}mnmaJ

Az ld Taeasannni

d
Insaimannaasy
= g 3 A A o q ¥ a a A D}
Tumsdnpitisgmuimyamigmmienihldinanngwmnueidan 2 Taemsld
914113 I UgRIIWAUMIAA streptozotozin (STZ) VYUIA 35 mgke BW 141msesios i

@ 1 a A ' @ 1 .
anvazeIMsiazaIMsuaan uduunnurian 2 ag1eFau ll@gljllﬂ ﬁmaz%’au (obesity)

'
A A

Y v Y 1 v v
NANNMITNAINNUIY  FIa0AAA0INUAT visceral fat 1A relative visceral fat mass NN

9 A

d? 1 = =) = [ a =B [ A d‘
guuuegNtsdAyenlssumeunuryvIlnanIugy uazliaiszal glucose 1UADAN
A d? . A (% (% . . = 1 1 a
NGV (hyperglycemia) 1noRiiszauvu0szal  insulinluidon luuanarsainnyanilng
4 Y 4 [
AL TIFNTNIZADADDOUYAY (insulin resistance) INATU TOANRDINUAT HOMA index 9
A d? 1 A A @ a = .. . 1 Y Y < FY
MNGIIUNIL13% Woeunurydnd  uazdalinng dyslipidemia S2udea9az1L 14
P4

MNMIUTZAVVDY Triglyceride , Cholesterol 1ag Free fatty acids J1UIADAGIYUTINAULNT
d! [ 1 dal Y = (% (% = d‘ 1 =1
aAa¥ed HDL Fwaasnaninylamu@einunuvaienmsanyinmium [42, 43] uagll

[ a A 9 <KX o 9 A A [ :‘/ . dyd?
anvaznesanmnaaendenulugienvnuyian 2 @9 animal model H3de NI

Y
W1 lumsdnei lane 1y
Y
ms liasadadeiwesamiemniethnluvineaeg  fe 250 mgkg BW, 500
I o 4 1 [ o

mg/kg BW 11ag 1000 mg/kg BW 1funan 12 ddam wuhilinarieanszau glucose lutaon

o v

Idedraiiviodrny Tagvinavesansanaansamnilssaninmgagalumsanszau

A

glucose TuIADA (effective dose) ADVUIA 1000 mg/kg BW/day #amsInansanaamsielu

[ 1 dy ] A @ . . A Y 1
mummﬂanullmwuﬂmﬂaﬂuuﬂawmimu insulin 1‘1!&@’6]@ Llﬁﬂﬂiﬁmu’ﬂﬂﬁﬁﬂﬁﬁlﬁlﬂ
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y A " v Y q o . 1 o
3¢A1Y glucose Glu&a@ﬂlluulﬂlﬂupiaﬁﬂﬂﬂ'ﬁﬂizﬂualﬁﬂ’]ﬁcﬁﬁ\i insulin LWiJ‘lJuﬁ]mmeJE]uTﬂEJGIN

1 < 4 A 1
Llﬂ@qfﬂlﬂuwalﬁ@\jfﬂWf‘lfnilWMﬂa']ulljalUﬂ1i@]@‘]Jﬁu@\3@]a insulin (insulin sensitivity) U84

9
=1

zﬂy d‘ d' dg’ d! o a Jyy d‘ 1 1 .
omoNgein  FemiuayuauyagIuil 1daemsinuiin1 HOMA index 182 glucose
response 91NN13911 oral glucose tolerance test Nanad [44] Tunydiinzimnun lasuas
v 4
ANAFINIBAIVUIA 1000 mgkg BW  UAzMINNTUYO insulin sensitivity 81992 aanali
v 2 22 4 : da
NFEUIUMS glucose uptake TUNAMIHBAIBNVAY  (HBINANUNTUHYVIINNNIZILIM Y
d' n Yo 1Y = . . d' 9 1 Yy
#1185 umsineazlinissingues GLUT4 protein 11az IRS-1 protein Nanaduddiwalnil
glucose uptake Nanas [44-47] ualeliensanaenIeAIvUIA 1000 mgkg BW 1132
' Y 1
WUNNNAVTMIAVAIY (restore) V89M5U5ING GLUT4 protein  FaapandoanumsAnn
' 4
¥99 Hundal HS 1992 [44] uag Asare 2011 [46] u@ IWUMINNTUU9LT1101 IRS-1 protein
2 D T A Lt YV
FTUDNMIANEINNU M SINVUUUDY insulin sensitivity HHINYIVDINUNITINUUUUDY IRS-
1 { I A @ 09.:’
1 phosphorylation mnnNneziurave sy IRS-1 protein expression [48] aariulu
< da'l 9 ~ = A a 1 o 1% A d?
dsziautiungdosdimsanuunuauae 11 SmSUMIANTUUDS GLUT4 protein expression
3 = £ A A 9 Ao A @ 1 A '
"udnuiiana lnieuneadesaeilumaiiesnmsanasves luiuaisg ludon U
' 9 [
Triglyceride, free fatty acids 1AL MINNIUYDY HDL-C EluWHLUWHﬂu‘ﬁhléﬁ’Uﬁﬁﬁﬁﬂ’dﬁi'ﬂEJ
£ Y = = =
FIAOANAOINUMTANYIVOI Boden G. ttazane 11 2004 [49] 1182 Dresner A. uazane 14l
1999 [50] WU AL dyslipidemia 1ABIMNIZOE1989 Free fatty acids 1Htd@oaNHaiyMg
. . FAP I A
AEANUDY  Triglyceride Tuilewe  &avz liina impaired insulin signaling, aANIT
Translocation 1182 activation Y99 GLUT4 taz lufigaazdanaliiins uptake v09ng Inaanas
F4
dmsums Idensanaamaiom lusuagade 1000 mgkg BW waluryannlnduas
I 1] o’z YA o 1 I~ a A A a a 1
vy nudunanu 12 denidu  auzdade hinvemaduiuniodralnaue
1 3 [ [ 1 ' = Y o Y I 9
p0191a SaunsanbazveeIenzneluaiee 1w vinauarduesdu a11d 1o 1fudu
Y 1 < ' @ g; v =
NARAMINADIAINENTANIL Id 1ensanadeinna I e igninig
v 4 Y 4 '
Frinmndingaeansnaansszauihmang Induag luiuatiaae lwdea  sauMansig
v A ti! [ 1A a A d‘d ] = [ . d' 9 9
52A1Y03 HDL-C luiaen #3danunilssansnmnamufednuen metformin - 9114 ugile
o csy o qu’ @ 1 = I @ & Ao A
wmnuilgiiud - duiuamsadaamnemsaduayuInsdmianiignenmgalumsioe
o 1 4 1< a ) o U A
anavgaAio LM FUNIM Hi081a5Y (additive treatment) dm5udihewnrauasia

i1 2 ae'll Tasvinaiidy effective dose Ain 1000 mg/kg BW datiulumsfnyidrduae lui

[ a

A 9 A ) A Yno =2 A
ﬂfJ')ﬂUﬂwjaﬂf\ﬂjlﬂﬂﬂTJ%LL‘VIﬁﬂ"H'ﬂujgﬂ%!ill!ﬁﬂclu"l@ Wflclmlagﬁaﬂﬂm@ﬂ ﬂmzﬁjﬁﬂﬂ%ﬂ!a@ﬂ

o=

A = I ~ 9 o ' "o
ﬂﬂgﬁﬂHWI@]ﬂi}!\uuullﬂﬂNﬁﬂlﬂ\iﬂTjiﬁﬁWﬁﬁﬂﬂﬁ1ﬁ31ﬂlﬂ1 VYUIA 1000 mg/kg BW (muu
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aealuszazusn

NAVBNAITANAAINT 18R (SN) ABMTHINIUYEN endothelial cell YBIADAADA
<3 1 ' H [
NNHAMINAABIILAUNNGUNYAMINTANZNHNULMIAM BRIV AAIADA
thoracic aorta ADUAUBIABD ACh ANt 1RinMsnad11ae phenylneprine anawile
ASeumeunungquaiugy eI uANSIINNUMIABUTUDINDNIAIIAIVDINADA
A o 9 1 d‘d d‘ Yo [ 9 [ ]
woaiildanaq ua lury Atinzumnun lasumsinedleasanaa s 1w In
Yy 9 A Aa o 1A [ 09} v v A 9 1 dtg Y A
WYY 1000 Haansuaen lansuiimingd duudldulumsaeuauesne ACh A3u Inaifeq
Y [ Y . = o Y @ A =\ Y Aa 1
AUMITAMIAIBET  metformin a1 1¥mMspaneavesriaeaaeatuul TuuRaunnnlu
1 ~ " Yo o dy 1 [ Y . . =\ o Y @
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ddo wAde 1 qu A g v A J L
u lyinsiminasnan 1w uniuale uaiien1iziimauaz g oxidative stress aAad 910

Y [ 1 Y 9 [ A o 9 A Y
HavoIms lasanadmsmanududugs szaueu ladidhmihfidedudsoyya
daszazansonaudngszaulnala

dy = A 1 dyl E4 . =
UBNIINHIIAMIANYINEIULNIFI 1o a3l NAD(P)H oxidase (NOX) uaU

d' 9 [ Q‘ d? a d‘ d' o Y a a d'
MeIvpItuMINNAIUVBIMIOYYaddss TunyNgnmileniliina lsannyvnuasiiah 2 [55]
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v o 1 a J { T o 4 1 {
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N353AUAIY insulin (19 27)
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. . A A d?l A = o =~
phosphorylated protein kinase C alpha (p-PKCOL) NtWNY n3oMuIEDINMIMIuYesllsau
44 24 L 4 e, o ;
PKCOL MW GITY 1HBI9INN1IE oxidative stress B0 AINADINIINIIUVDI TsAUVUE
oa/’ a d’ =) = [ 1 1 d‘ Yo [ 1
Uszgauns 2 siia Weonlseuiieuny nguaruguuaznguuINUN IdsDmsanamus e
Y 9 A 1 1 o £ = . . P
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A = PR ) ' a T o '3 . .
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~ o Y a 9 = @ A d? o
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Antidiabetic Potentiality of the Aqueous Extract of Spirogyra neglecta in high fat diet and

streptozotocin-induced type2 diabetic rats

Narissara Lailerd*l, Anchalee Pongchaidachal, Doungporn Amormledpisonz,
Chutima Srimaroengl, Anusorn Lungkapinl, Nattinee J itprawetl, Sopida Apichail, Waranya

Keapail, and Yuwadee Peerapornpisal2

'Department of Physiology, Faculty of Medicine, ? Department of Biology,
Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand
3Faculty of Fisheries Technology and Aquatic Resources, Maejo University,

Chiang Mai 50210, Thailand

* Corresponding Author: nlailerd@mail.med.cmu.ac.th

Abstract

Antidiabetic and antihyperlipidemic effects of the aqueous extract of Spirogyra neglecta
was evaluated in high fat diet and streptozotocin-induced type2 diabetic rats. The diabetic male
Wistar rats, induced by injection of STZ (40 mg/kg intraperitoneally), were fed a fat-rich diet
(60% calorie from fat). Feeding with extract (1000 mg 1000 g b.w. 'rat 'day ) for 12 weeks to
diabetic rats significantly lowered the plasma glucose levels as well as the area under the curve
for glucose from the oral glucose tolerance test. Moreover, the plasma FFA levels were
corrected towards the control rats. Furthermore, the aqueous extract of Spirogyra neglecta
supplement significantly enhanced the estrone sulfate transport mediated by rOct3, which act as
the indicator of early stage of nephropathy, in diabetic rats where correlated with decreased
renal super oxide dismutase, catalase and glutathione peroxidase mRNA expression. These
results indicated the potentiality of the aqueous extract of Spirogyra neglecta for the correction
of type 2 diabetes mellitus and its related complications like oxidative stress, hyperlipidemia
and diabetic nephropathy. This extract may be good candidate for promising neutraceutical

treatment for the management of diabetes.

Keywords: Spirogyra neglecta, diabetes mellitus, hyperglycemia, oxidative stress
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The beneficial effects of Spirogyra neglecta extract on renal transport function in high-

fat diet induced Diabetic type II rats

Chutima Srimaroengl, Atcharaporn Ontawong], Manunya Arjinacharn], Narissara Lailerdl,
Anchalee Pongchaidechal, Anusorn Lungkaphin1 and Pornpun Vivithanaporn2
1 Department of Physiology, Faculty of Medicine, Chiangmai University, Chiangmai, Thailand

and’ Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok, Thailand

Spirogyra neglecta has been widely grown in the Nan River, Northern Thailand. Previous in vitro
studies indicate that this species has several beneficial effects, including anti-gastric ulcer, anti-
inflammatory, analgesic, hypotensive, and anti-oxidant effects, and may subsequently be useful
for applying as therapeutic drugs and/or food supplements. Nevertheless, the studies on the
physiological roles of these algae remain uncertain. Diabetes mellitus (DM) is a group of
metabolic diseases characterized by hyperglycemia, resulting in abnormality of insulin secretion,
insulin action, or both. Several DM complications have been shown, such as retinopathy,
peripheral neuropathy and nephropathy. These complications could finally lead to end-stage renal
failure. Furthermore, the excessive production of reactive oxygen species (ROS) or oxidative
stress has been suggested as the common cause of DM-associated nephropathy. Previous studies
have reported that experimental DM animals has reduced expression and function of renal organic
cation transporters (OCTs), together with the changes in renal organic anion (OA) transport
function. However, there is no information regarding the physiological roles of Spirogyra
neglecta on diabetic nephropathy. Therefore, the present study aims to elucidate the beneficial
effects of Spirogyra neglecta extract on renal organic transport function and to identify the
mechanisms involving the function of OATs in diabetic type II rats induced by a high-fat diet. In
this study, the rats were induced to DM type II condition by feeding with 60% high-fat diet with a
single dose of streptozotocin injection (35 mg/kg BW). Two weeks after the streptozotocin
administration, the rats with blood glucose exceeding 250 mg% were classified as a DM type 11
group. The high-fat diet induced DM type II rats were then fed daily with Spirogyra neglecta
extract for 10-12 weeks and designated as a treated group. The DM type Il rats were confirmed
by hyperglycemia and hyperlipidimia. Moreover, the significant increases of renal

malondialdehyde (MDA) concentration, superoxide dismutase (SOD), catalase (CAT),
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glutathione peroxidase (GPx) mRNA expression and the impairment of Oat3 regulation by
blunting insulin-stimulated estrone sulfate (ES) transport in rat renal cortical slices were also
shown in the DM type II rats, representing the early stage of diabetic nephropathy. Although Oat3
basal transport function was not changed both in the normal and DM type Il groups, it was
significantly increased in the Spirogyra neglecta treated group, implying the changes in
intracellular signalings that may lead to an increase in basal Oat3 activity. Consistently, the
expression of cell lysate and cytosolic PKC zeta (PKCz), the modulator of Oat3, was increased
while membrane PKCz was unchanged, suggesting that new PKCz protein stimulated basal Oat3.
Thus, these findings indicate that the early stage of diabetic nephropathy in experimental rats
induced by high-fat diet was linked to oxidative stress, and Spirogyra neglecta may restore Oat3

function and regulation by changing the intracellular signaling mechanism.
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